The use of solar photovoltaic (PV) technology for water pumping systems (WPS) has been one of the most popular forms of solar energy application in recent decades in remote and desert areas, as well as in some urban areas. In this article, an advanced literature review on the design and performance of solar technology for water pumping is presented, exploring also the best perspective of transition for the developing countries energy needs. Additionally, this paper intends to analyze the Mozambique's perspective on renewable energy technologies setting the Mozambican scenario regarding photovoltaic water pumping systems (PVWPS) technology with the aim to identifying the main knowledge of PVWPS design and research gap. The results show that the most commonly used configuration of PVWPS technology is direct coupling systems without battery storage. These systems are simple and reliable, mainly used in small-scale pumping for small irrigations and domestic use. The mainly variables that influence the performance of PVWPS are: total dynamic head, quantity of fluid extracted, variation of solar radiation level, PV and motor pump technology. Yet, the efficiency of the PV and overall system does not exceed 10% and 5%, respectively. Looking at the designing, mathematical models, software-assisted is being predominant. Yet, as research gap, it is possible to understand from different authors that the dynamic nature of the end-use of PVWPS is not explored on methodology design of PVWPS, and the techno-economic optimum system configuration is not always the one that gives the highest annual system efficiency. 
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Introduction
In a world struggling with climate change and global warming, renewable sources of electricity generation are a very important response to climate issues.
In addition, they are also a key tool for developing countries, where a significant part of the population does not have access to the conventional electricity network [1] . In Mozambican's case, more than 70% of the population does not have access to the conventional electricity network [2] .
Economists cited by Vann Koppen, Namara and Safilios-Rothschild [3] argue that agriculture is the engine of all economic growth, as a consequence, reduction of poverty throughout history. However, the irrigation process in modern agriculture is still based on the exploitation of fossil fuels [4] . Since agriculture is a vital activity for the maintenance of humanity, the adoption of self-sustaining agricultural production practices using renewable and endogenous energy resources becomes an essential element for the development of communities, either economically and socially [5] .
New conversion methods are explored in order to minimize dependence on fossil fuels [6] . Thus, the direct relationship between the availability of renewable resources and water demand for irrigation urges researchers and local stakeholders to analyze the feasibility of WPS. The use of solar photovoltaic (PV) energy technology for water pumping systems (WPS) for irrigation has been one of the most popular forms of solar energy application, in recent decades, in remote and desert areas, as well as in some urban areas [7] . However, the evaluating of availability of solar and water resources before installing any PV system for irrigation is necessary in order to guarantee optimal solutions. Fedrizzi [8] mentions different PV systems for water pumping developed around the world, and although some PV systems projects need some care and improvement, the number of systems already installed shows that the technology is technically mature (see Section 2.1). Andrade et al. [9] deepen the historical context and refer that these types of systems have been used in massive scale [10] .
The main barriers to the implementation of PVWPS are related to technical aspects, and the sizing models of PVWPS for irrigation are based on estimates of daily water consumption and static models, and in economic aspects, the capital cost of PVWPS is still higher than the traditional system driven by diesel engine, although the operating costs are much lower. As challenges, it is necessary to adopt dynamic models design of PVWPS and policies that favor the massification of the technology and that in a way the systems are financially viable, besides technical measures that collaborate for the best technical use of these systems.
In this article, a comprehensive review of different published scientific papers on the design and performance of solar photovoltaic energy for water pumping systems is made, exploring the best perspective of transition for the developing countries energy needs. The main objective is identifying the main knowledge of PVWPS sizing, research gap and consequent driver for setting the Mozambican scenario regarding PVWPS technology. The article is organized as follows: Section 1 is the research introduction; Section 2 presents the principle of PVWPS, historical background and technology advancement; while in Section 3, an overview of performance analysis research of PVWPS is given; Section 4 explores the design methods of PV water pumping systems; and Section 5 reports the Mozambique's Perspective on Renewable Energy Technologies; while the final conclusions are given in Section 6.
Principle of Photovoltaic Water Pumping
Technology-Literature Survey WPS can be classified according to the energy source that drives the system. Therefore, five types of pumping systems are considered:
1) Photovoltaic pumping systems;
2) Wind pumping systems;
3) Pumping systems connected to conventional electricity grid; 4) Pumping systems driven by internal combustion engines; 5) Manual pumping systems.
In some cases, because of the intermittent character of some sources or the complexity of each system, hybrid sources can be adopted (a combination of two or more sources).
Solar PV technology applied to WPS is based on conversion of solar energy into electrical energy by solar panels to power a water pump. PV panels are connected to a DC or AC motor that converts the electrical energy received from the panels into mechanical energy and is subsequently converted into hydraulic energy [11] . As Figure 1 describes, the PVWPS generally consist of:
• An area of PV modules mounted on a structure with fixed arrangement or manual/automatic tracking; • Pumping system (motor-pump), which can be surface mounted, submersible • Power conditioning system, which generally consists of converter, inverter, controller, etc.; and • Storage system which may be optional.
Historical Background and Technological Advancement
Solar PV technology for water pumping has been explored over 5 centuries ago.
The conversion of solar energy into mechanical or electrical energy for water pumping is used since the 15th century, although the first reported PVWPS was installed in the Soviet Union only in 1964. The maximum power of the PV system installed at that time, to activate the water pump, was 373 W was developed in France [12] .
Initially, solar pumping systems with direct coupling with the water pumps were introduced; however, they presented limitations in the performance of the system, by not operating at the maximum power point of the PV generator. Despite this disadvantage, this type of system is considered to be simple and reliable [13] , being also efficient for use in small irrigations [14] . In the last decade, these systems have been improving their performance due to the addition of the maximum power point tracker (MPPT) and control systems [15] .
The first generation of PVWPS was characterized by the use of centrifugal pumps driven by direct current (DC) motors and variable frequency alternating current (AC) motors, whose hydraulic efficiency ranges from 25% to 35%. The second generation of PVWPS considered positive displacement pumps, characterized by low photovoltaic power (100 Wp to 400 Wp) input, low capital cost and hydraulic efficiencies up to 70% [16] . Currently, the PVWPS of the first and second generation are equipped with electronic control systems, pump speed Until then, PV solar technology in Mozambique is being used for lighting purposes, charging mobile phones (more in peri-urban and rural areas), pumping water for domestic, electrification of schools, health centers, police stations and district administrations for basic purposes. From Figure 3 , it can be observed that the most commonly used motor pumps are asynchronous AC motor with centrifugal pump, or in alternative an independent excitement DC motor with centrifugal pump, whose generator structure PV is fixed [28] . Tracking PVWPS are more efficient, however they seem to be very expensive compared to fixed systems [29] . The same comparison can be made under the options of power conditioner. DC motors, somehow fit easily into direct-coupled pumping PV systems, for their compatibility with the power generated by the PV generator [30] , being mostly implemented for water pumping needs below 7457 W.
Photovoltaic Water Pumping Systems Configuration and Design Components
Generally, pumps can be classified according to the principle of operation, which can be divided in: dynamic pumps and positive displacement pumps. Journal of Power and Energy Engineering These pumps generally tend to be larger than dynamic pumps of equal capacity. Most of the PVWPS have a water reservoir. The capacity of water reservoir (system autonomy) is determined by the type of supply (domestic, animal, and irrigation) and the financial constraints of the investor. In order to ensure that the water supply service is not impaired during periods of low or absent solar irradiance, the presence of a reservoir is of great importance, and require an analysis of the stochastic nature of the energy resource, flow and periods needs to meet the full demand [34] . However, the water source must recharge the reservoir faster than the water pumping rate, avoiding a reservoir drought as it could damage the pump.
Definition and Design of Photovoltaic Water Pumping Systems Parameters
As seen, the PVWPS have become attractive for livestock and agriculture applications in remote locations with limited access to conventional electricity [35] .
In this order it is necessary to define the parameters of the system, even if it is by estimation [36] . Thus, the selection of a pump for PVWPS depends on the following variables that affect the performance of the system and overall system efficiency [37] :
Solar resource:
• Solar radiation availability,
• Ambient temperature at the location.
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• Water to be pumped (m 3 ), • Flow rate of water, which is influenced by weather conditions at the location, especially solar irradiance and air temperature variations, • Size of water storage tank which depends on water to be pumped per day and daily water consumption.
Total Dynamic Head (TDH):
• Suction head (height from suction point till pump),
• Discharge head (height from pump to storage inlet), and
• Frictional losses.
PV system:
• PV array energy (kWh) and Power (kWp),
• Efficiency of PV technology used.
Pump:
• Pump power (kW),
• Pump efficiency (%).
The design of a PVWPS generally consists in determining the size of a system that will meet the needs of the user with minimum total investment costs, taking into account technical, economic and social issues, specific to each project. Although, the use of simulation programs allows solving problems of design and optimization PV systems, there are other identified methods such as: intuitive, numerical, analytical and intelligent techniques [38] . In case of autonomous systems, Hahn [39] advises the use of simple arithmetic method whenever the hypotheses are reasonable, based on relation between PV generators, energy accumulator and loads. However, as will be shown in Section 4, other models are also frequent and useful. The respective design procedures are presented in Figure 4 .
Determination of the system parameters:
• Solar Radiation Measurement Solar energy is the primary source of all energy sources. Solar radiation reaching the Earth's atmosphere can be decomposed in different ways for analysis purposes. For PV utilization, the most interesting is horizontal global irradiance, which quantifies the irradiance received by a flat horizontal surface
. It is composed of horizontal diffuse irradiance and direct normal irradiance. The solar radiation is usually measured with the help of a pyranometer that measures the global radiation, while direct radiation can be obtained with a pyrheliometer. The diffuse radiation can be determined by subtracting the measured direct radiation from the global radiation [40] .
Studies show that two to three years of local measurement allow estimating the long-term average for global irradiance with an error margin of 5% [41] . Solar radiation data can also be obtained from databases available on the internet (NasaSSE, NREL, SolarGIS, ESRA, etc.) [42] , although it is always preferable to have local measurement campaigns. Data resulting from measurements are reduced to mean values for various time scales (minute, hour, day, and month) and seasonal variabilities. Journal of Power and Energy Engineering • Determination of Hydraulic power For determination of water demand, it is necessary to consider the final use of water and/or user requirements. In case of crop irrigation, local and crop specificities must be taken into account. The crop's water demand (net irrigation requirement) depends mainly on the climate, the stage of development, the irrigated area and the efficiency of irrigation.
Valer [43] , while reporting the different types of irrigation shows that the irrigation efficiency of micro sprinkler varies from 75% to 90%, of drip from 85% to 90% and for perforated tubes from 65% to 80%.
For cases in which an exact value of water consumption is not available, Table 1 provides results illustrating water consumption information by some activities.
Hydraulic power, P H (W), required to supply a water flow rate (Q) at a certain TDH, considering the end use of the water and/or user requirements is given by Equation (1):
where:
• Q is water flow rate (m 3 /h);
• TDH is the total dynamic head (m);
• ρ is the water density (1000 kg/m 3 at 0˚C and 1 bar);
• g is the acceleration due to gravity (9.81 m/s 2 ). In order to calculate the total head, the pressure head and suction head must be considered. Where significant, the pressure drop in piping and connections shall be taken into account. Usually these losses are given by the pipe manufacturers and connections.
However, if the hydraulic power varies from day to day or month to month, etc., due to varying water demand, the PVWPS should be designed for the worst-case combination of solar radiation energy and water demand [46] . Journal of Power and Energy Engineering
• Determination of the electric power needs
The electric power to the input of the motor-pump unit, P EL [kW] , is given by Equation (2):
• η MP : Efficiency of the motor pump unit;
• Determination of the photovoltaic power needs
A simplified method proposes a simple arithmetic formula that can be used to determine the approximate value of the rated power of the Photovoltaic panel according to Equation (3):
• P PV is the peak power of the PV array under Standard Test Conditions (STC: • F Q is the quality factor of the system.
In the theoretical limiting case, supply and demand values are equivalent and the quality factor is therefore equal to one (F Q = 1). In the case of measured value, for example, F Q = 0.75 means that 75% of the electric power, which is converted from the incident solar power, is used whereas 25% of the electric energy is lost between the solar cell and the system output or it is not used. This helps to make a decision reasonably on the system type. The quality factors are then given in Table 2 .
To obtain the PV system efficiency is used Equation (4):
A array : area of the PV array [m 2 ]. The efficiency of the pumping subsystem (η MP ) is defined as the ratio between the output hydraulic power required for lifting a volume of water and the input electric power of the subsystem. The typical efficiency of the motor-pump assemblies in PVWPS is 25%. Table 3 illustrates some values of some motor pump configurations.
The overall solar water pump system efficiency is obtained by Equation (5):
Overview of Performance Analysis Research of Photovoltaic Water Pumping Systems
In this section the performance of PVWPS is overviewed along different studies. Table 2 . Quality factors of components and different PV systems [47] . Considering the performance and dimensioning parameters for PV systems for water pumping, Odeh et al. [49] carried out a study of a PVWPS with a pow- Achieving, PV array, subsystem and system efficiencies respectively of 3.27%, 39.7% and 3.76%. The techno-economic optimum system configuration is not always the one that gives highest annual system efficiency, it is necessary to take into account the best combinations of slope angles for different seasons throughout the year in irrigation facilities. Setiawan et al. [52] suggested two important aspects in designing solar water pumping system: 1) analyzing piping system to determine the type of pump used and 2) the power system planning to ensure the system operates properly. The Nogueira et al. [54] research addressed PVWPS with monocrystalline and polycrystalline panels, showing that the average daily volume of water pumped by both systems ranged from 3536.46 l to 4182.55 l, which is enough to meet the basic needs of a small farm in Brazil. The flow of water pumped was more susceptible to voltage variation than to current variation. The polycrystalline system presented higher global efficiency and lower cost per volume of water pumped.
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Photovoltaic panel efficiency was 9.40% and 6.57% for monocrystalline and polycrystalline systems, respectively. As for complete pumping system, the monocrystalline system showed an average global efficiency of 4.27%, whereas the polycrystalline system presented an average global efficiency of 5.00%.
Hamidat [55] presents the electrical and hydraulic performance of a surface centrifugal pump applied to irrigation under Sahara climate conditions. The components are DC/AC inverter and an asynchronous surface motor (750 W) directly coupled to a surface centrifugal pump. The installed power is 1500 Wp for tomato irrigation. The pumped water is 1012 m 3 for 135 days whose global efficiency is around 3.8% and subsystem efficiency varies from 30% to 35%.
Ghoneim [56] investigated the performance optimization of direct coupled Kolling et al. [58] , evaluated the behavior of a PV system of water pumping with direct coupling, under different conditions of solar irradiance and submitted to different manometric heights. The system was composed of DC motor pump, driven by a PV module. The authors concluded that the useful power generated by module and the flow provided by motor pump are directly related to solar irradiance and manometric height. The average daily flow rate ranged from 6.52 to 10.91 l/min.
Benghanem et al. [59] , investigated based on the optimal PV array the per- for a directly-coupled photovoltaic pumping system; yet such a system is suitable for low head irrigation in remote areas.
Pande et al. [60] designed and developed a Solar PV pump operated drip irrigation system for growing orchards considering design parameters like pumps size, water requirements, the diurnal variation in the pressure of the pump due to change in irradiance and pressure compensation in the drippers. The system comprises a PV pump with 900Wp PV array and 800W DC motor-pump mono-block, with discharge of 3.8 l/h. The system could irrigate 1ha area within 2 h.
Yet, in most of the studied systems, the average TDH vary from 2.5 to 250 m.
For the Algerian case, TDH vary from 3 -40 m and perfectly adapt to the reality of the water demand for irrigation [61] . When using DC motors coupled to positive displacement pumps, the lower the TDH the greater will be the volume of water pumped. The TDH is directly linked to the volume of water pumped and the type of motor pump used as discussed in Section 2.2.
The most commonly used configuration of PVWPS technology is direct coupling systems with water storage tank, whose water is used for household and irrigation purposes with DC motors coupled to a centrifugal pump for daily demands equal or greater than 10 m
3
. On the other hand, for lower water demand, DC motors with volumetric pumps are used. It is important to note that DC motors, somehow fit easily into PVWPS, for their compatibility with the power generated by the PV generator. Direct coupling systems studies carried out by
Koner [62] indicate that DC motor PVWPS without power condition is superior than AC motor. These systems are simple and reliable used in small- positive displacement pump using only a PV array without battery unit is desirable for socio-economic development in rural communities. Yet, it is possible to understand, from different authors that the variables that influence the performance of PVWPS are: TDH, quantity of fluid extracted, variation of solar radiation level during a day and season, photovoltaic technology, type of motor pump and voltage variation. From the studies presented on the performance of PVWPS for irrigation, is observable that the different crop water needs and its dynamics along seasons and year are not taken into consideration as a factor that can greatly influence the performance of these systems. In turn, many authors only consider total or daily water demand, not discussing the surplus of the pumped water. The TDH is directly linked to the volume of water pumped and the type of motor pump used, what may presuppose the study of the influence level of TDH on the yield of PVWPS.
From the reviewed articles, it can be observed that the authors are focused largely on technical aspects of the systems and somehow in economic aspects. The social and environmental aspects are not properly exploited in the adoption and design of the PVWPS. Clear studies in these areas can specify how much can be reduced in the emission of harmful gases to the environment and how the involvement of society can contribute positively to increase the useful life of such systems and the development of communities when adopting this technology. All these aspects can contribute to the sustainable development of communities.
The energy efficiency of PV panels production is found to vary from 11% to 15% [63] . Despite, the average overall efficiency of studied systems is 4.1%. However, Koner [64] obtained efficiencies ranging from 4.3% to 4.6% when assessing the diversity of PVWPS for rural areas. Nevertheless, the PV and overall efficiency of PVWPS do not exceed 10% and 5% respectively; this factor must be associated with the number of hours of available sunshine, manufacturing technology of PV panels, methods of conversion, field factors and system design among other factors. Howsoever, it should be noted that the efficiencies obtained through theoretical and experimental cases are approximate, 3.76% and 3.7% respectively, which allows saying that optimization models are reliable, although some experimental results showed low global efficiency in the order of 2.3% [65] .
Many studies of the performance of PVWPS and several projects have been carried out in developing countries of Africa, Asia and South America, in experimental form, which make it possible to assert that the technology is technically mature, although it faces some implementation challenges as sustainability.
In grid connected systems, feed-in tariffs are a policy mechanism that provides long-term security to renewable energy producers, typically based on the cost of generation of each technology [66] . Technologies such as wind power, for instance, are awarded a lower price per-kWh, while technologies such as solar PV are offered a higher price, reflecting higher costs [67] . Although in developed countries feed-in tariffs are in disuse, by considering isolated PVWPS as an alternative for developing countries, the price of pumped m 3 of water and technology are relevant to the economic feasibility of systems. This fact may lead to try to match the pump functioning to the solar PV peak power and explore the dynamic character of water demand for irrigation purpose.
Generally, the cost of PV largely depends on the government policies, social acceptability, and institutional setup to run the system, and energy demand in specific places. Fiaschi et al. [68] refers that to a 30 m 2 PV system (about 3000
Wp) and to a borehole of 100m, a commercial multi-stage submersible pump lead to a water sale price between 1.23 and 0.67 $/m 3 . In turn, Niedzialkoski [69] when discussing the pumped water costs, by a PV system of 150Wp and a positive displacement surface pump for a TDH of 2.5 m obtained 0.077
The electricity cost generated by solar PV technology varies between 0.13 and 0.17 US $/kWh [70] .
Photovoltaic can play an important role in developing countries given the favorable financing terms in order to minimize the annual cost of energy of a particular crop and the access of energy for the community. PVWPS for irrigation will become an increasingly economically advantageous source of electricity over expanding geographical regions [71] , considering that in many areas of developing countries there is not access to electricity and PVWPS can be adopted as part of solution. Sorensen et al. [72] points that in India, 1.5 kW PV panels do not cost more than the cost of any electric line of 1 km. Table 4 resumes the analyzed case studies for site-specific application and performance of PVWPS.
Design Methods of PV Water Pumping Systems
As seen, proper selection of photovoltaic technology for WPS and its components is essential for the stability and efficiency of the system. In this perspective, and Benefit-to-Cost Ratio (BCR). However, the external impacts evaluation Journal of Power and Energy Engineering Rawat et al. [79] HOMER [83] , Retscreen [84] , SAM [85] , etc. or in simulation environments are often used MATLAB [86] , TRANSYS [87] , LABVIEW [88] , etc. Yet, Khatib et al. [89] , when analyzing different size optimization techniques for PV systems, concluded that simulation based numerical methods are most widely used technique. The intelligent methods use artificial intelligence techniques such as artificial neural network, genetic algorithm, fuzzy logic etc. to solve complicated optimization problem [90] .
Concerning intelligent methods, Loxsom & Durongkaveroj [91] developed
and tested an algorithm to estimate the long term monthly performance of a solar photovoltaic water pumping system for irrigation in USA. This methodology uses the standard solar factor correlation equation to calculate the flow rate of a system with an insolation threshold and a pumping rate that has a nonlinear dependence on insolation by using average monthly solar insolation input data and estimated the total monthly volume of water pumped with hourly simulation.
On the other hand, Sinha [92] Considering the reduction of time of return of the isolated PV systems of water pumping Corrêa et al. [93] seeks to extend and validate an alternative to reduce the return time of isolated water pumping PV systems, where it optimizes the efficiency of photovoltaic conversion using maximum power point tracking algorithm, and the losses in the induction motor. For this, an experimental prototype was developed whose results showed a gain of 8% in the input power.
Khiareddine et al. [94] analyzed a dynamic model for energy control and management in agriculture in Tunisia which consisted of a 1.5 kW PV panel, coupled with a 25 Ah acid lead battery, induction motor coupled to centrifugal pump. The simulation based on the Neuro-fuzzy controller showed the effectiveness of the proposed system, and if there is a surplus energy this will be stored in the battery.
Rahrah et al. [95] , presents the modeling and design of a photovoltaic system for pumping with batteries. In order for PV generator operate at maximum power point; the authors used three optimization methods: Perturbation and Observation, Fuzzy Logic Controller and Neuro-Fuzzy Algorithm. The simulation was performed based on Matlab/Simulink. As result, the Neuro-Fuzzy algorithm showed better strength through response time.
In addition to the optimal sizing of PVWPS mentioned above, there are other techniques that allow the optimal sizing of PVWPS that adopt various procedures based on the water consumption profiles, total head, tank capacity and photovoltaic array peak power. In this view, Hamidat & Benyocef [96] used a method of the load losses probability (LLP) to optimize sizing of the PVWPS with a similarity between the storage energy in batteries and water in tanks. The study for small scale of power located in southern Algeria, considered a total head of 20 m, showed that when the LLP varies from 0.01 to 0.1, the required power of the optimal photovoltaic decreases from 219 to160 W. For total head of 40 m, the required power of the optimal photovoltaic decreases from 350 to 260 W. This difference of the photovoltaic power (160 and 260 W), required to satisfy the needs, is due to the difference of solar radiation in localities.
The energy produced and the performance of the PV system depends on the number of environmental stochastic parameters which is consequently very important for the optimum reliability, technical efficiency, and cost-effective operation for the selection of best PV configuration for water pumping systems. Table 5 resumes the analyzed design methodologies of optimal sizing of PV water pumping systems. The amount of pumped water is directly proportional to the pumping time for the same solar radiation value.
Gad [78] Mathematical model and simulation (PV-array, efficiency of PV-array, efficiency of overall system) Submersible pump should be selected in order to operate with maximum system efficiency considering the latitude of the region, season and effective costs. Such costs can be reduced based on the use of mobile PVWPS.
Ramazan [79] Algorithm to estimate the long term monthly performance of a PVWPS (flow rate)
Has a nonlinear dependence on insolation by using average monthly solar insolation input data and estimated the total monthly volume of water pumped with hourly simulation.
Loxsom & Durongkaveroj [87] Mathematical linear model (for determining the cost-effective technology options and the energy required for irrigation)
The developed model is solved for typical conditions that exist in India, and it is shown that there are conditions in which alternative energy technologies make economic sense.
Sinha [88] Maximum power point tracking algorithm and the losses in the induction motor (efficiency of photovoltaic conversion)
With the optimization technique developed it was possible to obtain a gain of 8% in the input power.
Corrêa et al. [89] Neuro-fuzzy controller (energy control and management in agriculture)
If there is a surplus power it can be stored in the battery which in turn will add the power density of the system as a whole.
Khiareddine et al. [90] Perturbation and Observation, Fuzzy Logic Controller and Neuro-Fuzzy Algorithm (time response at maximum power point operation)
The Neuro-Fuzzy algorithm showed better strength through response time (4.625 hrs) with efficiency of 79%.
Rahrah et al. [91] LLP method (electric power of the motor (P m ) with volume flow rate and head)
Is possible to use a photovoltaic water pumping system for small-scale irrigation with an area smaller than 2 ha of crops in Algerian Sahara regions.
Hamidat & Benyocef [92] Regard to the main knowledge of PVWPS models design, four methods can be used: intuitive, analytical, numerical and intelligent, as referenced in Section 2.3.1. The intuitive methods are based on the designer's experience [97] , and in this method, simple mathematical equations are used and the estimation is usually oversized [98] . The analytical methods are simple and more accurate, with the support of empirical relationships to calculate the sizing of the components of PV array [99] . These methods employ developed mathematical modeling for design a reliable and/or cost effective PV system [100] . The choice of the appropriate method for the optimum design of the PVWPS depends on the existing variables and the complexity of the system in order to meet the needs of Journal of Power and Energy Engineering the user with minimum total investment costs, taking into account technical, social and environmental issues, specific to each project. Yet, the simulation programs and forecasts are sufficiently precise to performance of solar pumps.
Yet, as research gap, it is possible to understand from different authors that the design methodologies used don't explore the dynamic nature of the end-use of PVWPS. In case of irrigation systems are considered the maximum water demand only, which usually coincides with the flowering season of the crops. Not only, but also of the revised articles in the scope of PVWPS models design used is perceived the little exploration of social aspects, as far as the practices of the farmers in the field in order to develop models as close as possible to the reality of the farmers. Models that are close to the practical reality of farmers can contribute positively to the massive adoption of technology, although the initial investment costs are still relatively high and the environmental benefits will result from good agricultural practices. There is considerable separation between scientists and potential users of the solutions proposed by scientists.
Identifying Photovoltaic Water Pumping Systems Opportunities in Mozambique's Context
In view of the focus on models of design and performance of PVWPS, the study These tariffs are applied to the electricity generated by independent producers using renewable energy sources. REFIT divides the tariffs to be applied in the selling of electricity based on respective source and according to generation capacity. Prices vary by technology, being the maximum and minimum limits for solar power plants 0.13 $/kWh to 0.22 $/kWh and is the highest of all technologies.
According to the National Energy Fund (FUNAE), about 13% of the population in rural areas has access to electricity through mini-grids or autonomous technologies of renewable energy [107] . Diverse incentives have been given to the promotion of renewable sources of electricity generation and special attention is given by the United Nations [108] to the diversification of the energy matrix, especially in countries where the electricity generation baseload it assured by hydropower plants, which compete directly in what matters to water for electricity generation, human consumption and irrigation.
The Electricity sector in Mozambique depends on 90% of hydropower (80% Zambezi River) [109] , a renewable resource, being the rest of the supply complemented by natural gas, coal and other alternative sources of electricity generation. All of these sources have a long-term exploitation and require high costs for the implementation of infrastructure and subsequent exploitation. Although there is a large part guaranteed by renewable sources (around 90%), there is still difficult access to electricity, and therefore decentralized electricity generation has been adopted in many rural areas. In this context, solar energy has grown to respond different challenges, of which are solar water pumping systems.
In terms of available renewable resources, the country has a diversified spectrum that makes a total of 23.026 GW, of which the solar energy source is the most abundant (23.000 GW), followed by hydro (19 GW), wind (5 GW), biomass (2 GW) and geothermal (0.1 GW) [110] .
Advancements on Photovoltaic Water Pumping System in Mozambique
Indeed, the implementation of PVWPS has already began in Mozambique, with some pilot projects, for irrigation and domestic uses purposes, considering the Government and private ONGs efforts. A part of these results was obtained by The majority of PVWPS deployed in Mozambique have been installed for use in small-scale potable water as shows in Figure 5 . Because the PVWPS technology is being exploited for less than 10 years, among other government policies, there are no published reports on the performance of the installed systems and the technical, economic, social and environmental evaluation. As referred, the majority of PVWPS were installed with pilot programs, which opens the window for researchers to evaluate the performance of the systems and to suggest models and methods to optimize the performance of systems installed and to be installed. Notwithstanding, it would help to evaluate and improve the overall installed systems performance, based on different mathematical models and simulation programs developed by researchers to predict the performance of PVWPS in developing countries in Africa, Asia, and South America [114] .
Yet, the optimization design models for Mozambique can result in the proper selection of components and refinement of PVWPS; however, help in decision making regarding the best configuration of the systems, costs involved, life cycle cost of the systems, technology to use, etc. The role of communities is relevant in order to achieve the useful life of the systems.
The PVWPS enhances the adaptation of green energy while it substantially promotes to mitigate climate change by assuming as estimated that, it may realize Journal of Power and Energy Engineering Figure 5 . Water pumping stations driven by PV systems for human consumption in Mozambique.
a CO 2 reduction of 7.4 ton per ha [115] . In order to enhance the solar irrigation program, in Mozambique, more than 900 PVWPS for irrigation will be installed by the government through the National Irrigation Institute all over the country until 2021. This will be the first major government project in this area. Mozambique has favorable conditions to enhance the use of PVWPS for various purposes, with regard to available solar radiation levels and definition of strategic policies. However, the PVWPS are not yet a massive solution in part due to high installation costs, weak incentives to popularize PVWPS, weak monitoring of local technicians which operate the systems and a lack of a performance monitoring of the many installed solar pumps accompanied by the vandalism of these systems in the communities.
For the Mozambican case, PV is not yet competitive with grid electricity because the main goal of government is to achieve rural areas without the electricity for lighting [116] and cannot create extra pressure on grid electricity and diesel price. PV systems can be cheaper than grid extension, due to the larger distance between customers and electricity network, highly dispersed population with little energy demand, making national grid extension often economically unreliable. Despite, PV still reveals great advantages in relation to the diesel systems due to fuel cost, fuel availability fluctuation, the difficulties of fuel supply due to the poor state of conservation of the roadways in much of the country, high costs of maintenance and operation, among others.
In the Mozambique perspective, which is the reality of many countries of the Journal of Power and Energy Engineering
Austral region of Africa among other developing countries, since PVWPS for human consumption is proven to be a successful experience, the massive use of PV technology for irrigation purpose can play an important role in the development of communities regarding the availability of electricity to the irrigation sector, improvement of the irrigation techniques, increase of food production, contribution for green economy and consequent social and economic improvement as a way to increase the sustainability of developing countries.
Conclusions
In the present paper, a literature review on the design and performance of PVWPS and Mozambique's perspective on renewable energy technologies was executed. The high number of PVWPS projects carried out in developing countries of Africa, Asia and South America, in experimental and theoretical form, shows that this technology is technically mature. From the analysis made to the different reviewed authors, in terms of configuration, the most commonly used configuration of PVWPS technology is direct coupling systems without battery storage. These systems are simple and reliable used in small-scale pumping (3 m 3 /day to 25 m 3 /day) for small irrigations and domestic use. In irrigation area, most of the installed systems have capacity to irrigate areas close to 1 ha, which turn the technology in an alternative to the continuous and stable production of food and raw materials for the development of communities.
Regarding the parameters of a PVWPS, the variables that influence greatly the performance of the PVWPS are: the amount of fluid extracted, the variation of TDH, technology of photovoltaic modules and the range of solar radiation, which in turn are determinant to the choice of the pumping system technology.
The sizing models of PVWPS can be intuitive, analytical, numerical and intelligent. The choice of the appropriate method depends on the existing variables and the complexity of the system in order to meet the needs of the user with minimum total investment costs, taking into account technical and environmental issues and external impacts, specific to each project. Simulation programs and mathematical models based on the modeling equations, of technical, economic and environmental parameters has been the most used system to obtain the optimum performance of PVWPS. The techno-economic optimum system configuration is not always the one that gives the highest annual system efficiency. Other parameters, like social, must be introduced in order to obtain the best yield of the whole system.
Photovoltaic can play an important role in developing countries given the favorable financing terms and flexibility of technology. PVWPS for irrigation will become an increasingly economically advantageous source of electricity over expanding geographical regions, considering that in many areas of developing countries, there is no access to electricity and PVWPS can be adopted as part of solution for food production increasing, social and economic improvement and contribution for a green economy. Journal of Power and Energy Engineering Different applications lead to conclude that PVWPS are seen as key tool for developing countries, including Mozambique with regard to water provision for irrigation in rural, peri-urban and urban areas, as well as in some areas without access to electricity as an opportunity to make possible access to electricity and to improve the irrigation systems used and life quality. Mozambique is advancing in the definition of concrete policies in the field of renewable energies, mainly in the photovoltaic technology and installation of PVWPS in the pilot phase, which, together with the favorable solar potential, can spark the rapid deployment of communities.
From different authors, it is possible to understand that the design methodologies used do not explore the dynamic nature of the end-use of PVWPS. In case of irrigation systems, they have only considered the maximum water demand, which usually coincides with the flowering season of the crops. The exploration of the dynamic nature of water demand for irrigation can be explored as an alternative energy source in order to minimize the high rates of lack of access to electricity in developing countries. Also, social and environmental aspects are not properly exploited in the adoption of the PVWPS. There is considerable distance between the solutions proposed by scientists for PVWPS and the real needs of potential users of the systems.
